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Abstract: Organic carbon content is one of the major prox-
ies of aquatic primary production and implication of envi-
ronmental changes. However, there is a scarcity of infor-
mation regarding the decadal variation of organic carbon
production in inner-shelf of South China Sea (SCS) and
East China Sea (ECS). To bridge this gap of information
two sediment cores were collected from the inner shelf of
SCS (Leizhou Peninsula) and ECS. Then, Total Organic Car-
bon (TOC), Total Inorganic Carbon (TIC) and Total Nitro-
gen (TN) content were examined. The TOC content in the
Leizhou Peninsula averaged 0.56% and varied from 0.35%
to 0.81%. At decadal time scale, the TOC content of Leizhou
Peninsula erratically increased in the last century, and it
distinctly peaked after 1990’s. This is related to increased
primary production due to the increased input of anthro-
pogenic nutrients and rainfall level. The TOC content of
the inner shelf of ECS averaged 0.5% and varied narrowly
from 0.46% to 0.53%. The TOC:TN ratio of ECS averaged
5.65 and varied from 4.42 to 7.85, indicating there is high de-
gree of organic matter degradations. The TN:TP ratios were
below 10 for the periods before late-1990’s, indicating that
there had been a potential nitrogen limitation in the inner
shelf of ECS. Generally, this study showed that the TOC and
TIC of ECS and SCS inner-shelf had undergone substantial
changes in the last century.
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1 Introduction

In coastal and marine systems, the deposition of organic
matter and the ratio of TOC:TN is mainly influenced by
both the supply of organic matter from overlaying water
mass, settlement velocity of organic matter onto sea floor
and diagenetic process that acting on the organic matter
after settlement/deposition [1]. The relationship between
Total Organic Carbon (TOC) content (wt%) and Total Nitro-
gen (TN) content (wt%) has been used as an indicator of
marine Organic Matter (OM) productivity as well terrestrial
OM input for more than half a century [2]. High TOC:TN
(molar weight), values greater than 20, are characteristic
of terrestrial vegetation due to carbon-rich (and nitrogen-
poor) biochemical classes (i.e., lignin and cellulose) [3].
Whereas, marine algae typically have TOC:TN ratios be-
tween 4 and 8, due to their cell content is rich in proteins
and lack cellulose [3].

The East China Sea and South China Seas are being
among the largest marginal western Pacific seas located
in South East Asia; they are more prone to human pertur-
bations and climate changes. Furthermore, the impact of
disturbances highly aggravated because they are found in
one of the most densely populated areas of the world with
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fast economic growth and urbanization. As consequent of
this, high nutrient inputs especially nitrogen from agricul-
tural and aquaculture activities [4—6] and construction of
dams [7, 8] were reported in ECS and SCS. These ultimately
resulted in changes of Chlorophyll a concentrations [9],
nutrient levels [10], sediment supply to coastal zones and
water discharges [8], eutrophication and hypoxia [11], red
tide frequency [12], primary production [13] and probably
organic matter content as well. However, there are lim-
ited scientific research reports on the decadal changes of
the organic matter content in the inner shelf of ECS and
SCS. Thus, this research was aimed to bridge this gap of
knowledge by setting two main objectives: 1) To analyze
the decadal variation of total organic carbon content and
total nitrogen in the inner shelf of ECS and SCS and 2) To ex-
amine the decadal change of the ratio of total organic car-
bon to total nitrogen content of the inner shelf of ESC and
SCS. For this purpose, two sediment core samples were col-
lected from the inner-shelf of ECS and SCS followed by the
analysis of total organic carbon and total nitrogen content
of the sediments; then the data were correlated with cli-
mate change and anthropogenic impact variables.

2 Material and methods

2.1 Study area

The East China Sea (ECS) is the largest continental
marginal sea in the Western North Pacific [14, 15] and is
one of the most developed shelf areas in the world. The
wide and shallow continental shelf favors primary produc-
tion through frequent replenishment of nutrients to the eu-
photic zone from a deeper layer [16]. The study site was lo-
cated in the inner-shelf area of ECS, which is characterized
by the distribution of fine-grained sediments manifested
by the dispersal of a plume from the Yangtze [17]. An im-
mense amount of terrigenous and anthropogenic material
flows into ECS from different river basins, and as a result,
it supports high biological production [16] (Figure 1). The
South China Sea is one of the largest continental marginal
seas of the Pacific Ocean, found in the western North Pa-
cific surrounded by lands and islands which provide an
ample amount of terrigenous material. The surface circu-
lation is governed by East Asia monsoon systems which
drive the cyclonic gyre during winter and anticyclonic gyre
in summer. Consequently, there is strong seasonality in pri-
mary productivity and the organic material reaching the
sea floor. Although this area is regarded as one of the less-
developed coastal areas of China until the last decade or
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so, recent data showed evident environmental contami-
nation and degradation along the coast [18]. Particularly,
rapid expansion and booming of land and marine aqua-
culture, increasing of agricultural crop production by us-
ing excessive artificial fertilizer, industrialization and un-
treated sewage disposal are among the main causes of the
problems [19]. The detail description of ECS and SCS has
been explored [20, 21] (Figure 1).

2.2 Sediment process and dating

To assess recent decadal changes of sediment organic mat-
ter; two sediment cores were collected from the inner-shelf
of ECS and SCS. The first sediment core was collected from
the inner-shelf of northwestern SCS (Leizhou, Zhanjiang)
Peninsula coast at 20°85.765’' N and 111°18.16833’E, from
about 38m water depth, in 2012. Leizhou Peninsula is sur-
rounded by Hainan Island from south next to Qiongzhou
Strait, the coast of China from north and SCS from south,
and is drained by two large rivers, mainly the Red River
from the southwest and Pearl River from the northeast. The
second sediment core was collected from inner-shelf ECS
near to Yangtze River Estuary (YRE) at N 28°26.1591'and E
122°11.0745', from 43m water depth, in 2011. The sediment
samples were collected by gravity corer onboard the R/V
Dongfanghong II. The sediment core showed gray to black
color. After collection, the sediment sample slabs were ex-
truded and sliced at 2 cm intervals and approximately 0.5
cm of the outer rim of each sediment slab was trimmed
off to minimize contamination between layers. Sediment
dating was made by the a-spectrometry 1°Pb (via >1°Po)
method [14, 22]. The detail of processing of the sediments
and dating the chronologies has been reported [20, 21].

2.3 Analyses of TOC, TN, Sulphur and
Phosphorus

In the laboratory, 1 g of sediment subsamples were pre-
treated; dried for 48 hours at 65°C and finely ground. To
measure the TOC, pre-treated samples were transferred
into glass vials and acidified with 1M of HCI at room tem-
perature for 12h to remove carbonates [23]. Then, the sam-
ples re-dried and finely ground. Separate unacidified sam-
ples were used to measure TN, TC and total sulphur (TS).
To measure the TC, TOC, TN and TS contents, approxi-
mately 25 mg of samples were weighed, foiled by tin cap-
sules and loaded into CHNS elemental analyser (Vario EL
I1I, ElementarAnalysensysteme GmbH), with analysis ac-
curacy of < 0.3% absolute (5mg benzene sulfonic acid)
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Figure 1: Location of the study site of the East China Sea and the South China Sea, and description of the legend depicted on the bottom of

the right side

and < 0.5% absolute (3mg benzoic acid). The total inor-
ganic carbon (TIC) was determined by subtracting the TOC
from TC [24]. To analyse extractable (P) 1 g of pre-treated
samples were digested with 0.5M NaHCOs3 (pH 8.5) shak-
ing for 30 minutes at room temperature. To analyse total
phosphorus (TP) 1 g of pre-treated samples were digested
with HCl04:HNO;3 (50:50 v/v) at high temperature until
dark organic materials disappeared. After digestions solu-
tions were filtered through Whatman No. 42 filter paper
(0.45 pm Milli-pore filter paper) and the concentration of
P and TP were analyzed by Ascorbic Acid method [25]. Du-
plicate samples were used to analyse the parameters.

3 Result

3.1 Dating the chronology of the sediment
cores

The 21°Pb dating of the SCS sediment core revealed an av-
erage sedimentation rate of 0.53 cm/year. Based on this
sedimentation rate, each centimeter represents about two

years of sediment accumulation. According to the calcu-
lated sedimentation rate, the 43 cm long sediment core
spans approximately 81 years from 19312012 AD (Figure 2).

The average sedimentation rate of the ECS sediment
core was 0.94 cm/year, which indicated that each cen-
timeter represents about one year of accumulation of sedi-
ment. According to the calculated sedimentation rate, the
age of 47 cm long sediment core becomes about 50 years
old, from 1961-2011AD (Figure 3). On average 70% of the
sediment was covered by clay-sized (<63um) sediments in
inner-shelf of ECS sample. The colour of the sediments was
greyish to black, except on the top 10 cm it was greyish to
brown. The core showed no evidence of sediment rework
or disturbance such as burrow and fragments of animal re-
mains. Furthermore, the declining gradient of 21°Pb activ-
ity down to the core depth indicates the absence of sub-
stantial sediment mixing and rework. The details of this
part has been reported previously [20, 21].
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Figure 2: Activity-depth profiles of 21°Pb,y of inner-shelf of SCS
sediment core [21]
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Figure 3: Core profile of excess Pb?1° concentration for the age
model of East China Sea inner-shelf [20]

3.2 TOCand TN in inner-shelf of SCS and ECS

The TOC content of SCS averaged 0.56% and varied nar-
rowly from 0.45% to 0.82%. Generally, the TOC of SCS in-

creased throughout the 20™ century. The values of TOC
content were lower before the 1960’s, then increased since
the 1960’s and peaked after the 1990°s. The TIC relatively

decreased after 1990’s (Figure 4A). The correlation be-
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Figure 4: Decadal variation in (A) total organic (TOC) and Inorganic
carbon (TIC) content, and (B) total nitrogen (TN) and total organic
carbon:total nitrogen (TOC:TN) in SCS

tween TOC and TIC was negative and very strong (r = -0.8,
p<0.05). The TN content averaged 0.09% and varied from
0.07% to 0.14%. At the decadal scale, TN content increased
after late-1990°s (Figure 4B). The TOC:TN (%) ratio aver-
aged 6.1 and varied narrowly from 5.05 to 7.07. The long-
term ratios of TOC:TN increased erratically starting from
early 20 century to the end of the century (Figure 4B), this
pattern coincided with the decadal changes in the TOC and
regional climatic conditions.

The TOC and TN of ECS remained low throughout
the period, ranging from 0.47% to 0.59% and from 0.07%
to 0.17% and averaged 0.5% and 0.11%, respectively (Fig-
ure 5). The values of TOC and TN erratically increased after
late-1970’s while its values were dropped in 19982004 and
re-increased after 2004. The TOC and TN had strong and
positive correlations (Table 1). The correlation between
TOC and TIC was strong and positive (r> 0.98, p<0.05). The
ratio of TOC:TN (%) ranged from 4.2 to 7.85 and averaged
5.65. At a decadal scale, the TOC:TN ratio erratically de-
creased since the 1960°s (Figure 5B). The values of TOC:TN
were negatively and more strongly correlated to TN (r =
-0.92, p<0.05) than the TOC (r = -0.7, p<0.05).
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Figure 5: Decadal variation in (A) total organic (TOC) and Inorganic
carbon (IC) content, and (B) total nitrogen (TN) and total organic
carbon:total nitrogen (TOC:TN) in ECS

Table 1: Correlation coefficient of sediment chemical variables
(p<0.005)

TN TOC TS TP
TOC 0.9
TS 0.77 0.69
TP -0.57 -0.3 -0.56
TOC:TS -0.61 -0.46 -0.93 0.67

3.3 Phosphorus and Sulphur concentrations
in inner-shelf of ECS sediment core

The TP varied from 5.9 to 25.83 pmol/gdw and averaged
16.8 pmol/gdw. The cconcentration of extractable phos-
phorus had been increasing until late-1990’s, however to-
gether with TP its concentration conspicuously decreased
after 2000 coinciding with the construction of Three Gor-
geous Dam (TGD) (Figure 6).

The TOC was positively and negatively correlated to
TN and TP, respectively (Table 1). The TN:TP (molar) ra-
tio showed decadal variation, it increased slowly since the
1970’s and elevated after 1990’s (Figure 7). The decadal
TOC:TP (molar) ratio showed wide variation and negative

Decadal variations of total organic carbon production in the inner-shelf ==

1065

0.70

25

0.65 4

2

- 20

o

o

o
L

15

P (umol/gdw)
TP (umol/gdw)

r 10

1990 2000 2010

Years

1970 1980

Figure 6: Decadal variation of extractable (P) and total phosphorus
(TP)

—-@=— TN:TP (molar) - 70
——i— TOC:TN (molar)

TN:TP (molar)
TOC:TP (molar)

1900
Years

Figure 7: Decadal variation of (A) total Sulphur (TS) and total or-
ganic carbon: total Sulphur (TOC:TS), and (B) total nitrogen: total
phosphorus (TN:TP) and total organic carbon: total phosphorus
(TOC:TP)

correlations with TN:TP (r = —0.65). The correlation coef-
ficient between TOC:TN and TN (r = -0.92) was negative
and higher than that of TOC:TN and TOC (r = -0.7). The
correlation between TOC:TP and TP (r = —0.9, p<0.05) was
negative and stronger than that the correlation between
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TOC:TP and TOC (r= 0.4, p<0.05). Total sulfur (TS) varied
from 0.035% to 0.17% and averaged 0.093%. The total sul-
fur content showed a consistent rise starting from the last
half a century. The long-term trend of the TOC:TS (%) also
consistently decreased throughout the time, showing an
inverse pattern with total sulfur (Figure 7).

4 Discussion

4.1 TOC, TICand TN in ECS and SCS

The strong correlation between TOC and TIC in both ECS
and SCS inner-shelfs indicates that there was potential
relation between the two parameters. As the chemical
changes induced in the water column during organic

matter production often leads to precipitation of carbon-

ates [26], the increased ratio of TOC:TIC in both ECS and

SCS inner-shelf areas could be related to the changed pri-

mary production [20, 21]. The conspicuous decline of TIC
after 1990’s in the inner-shelf of SCS likely related to the
increased rainfall in eastern and southern part of China

from early-1990°s-2007 [27-29], as carbonates can precip-

itate due to excess dissolution, which most often occurs

when fresh carbonate-rich water mix with saline water [30].

The observed low level of TOC and TIC during 1998-2004 in
inner-shelf of ECS could be related to the construction of

the Three Gorges Dam, as it blocked large volumes of terres-

trial sediments. The three gorges dam (TGD) are very large
dams constructed on Changjiang (Yangtze) River. Yangtze
River is one of the largest rivers in the world in terms of
both water and sediment discharge. It accounts about 90%

of freshwater discharge and sediment load of the total river-
ine input in to East China Sea [31]. In 2003 Chinese Govern-

ment built TGD on the upper part of the basin, the world

largest hydroelectric power dam, for the supply of demand-

ing hydroelectric power in the country. Then, terrigenous
sediment supply [8], silicate ratio to other nutrients and
primary productivity [13] happened to be decreased due to
TGD construction.

Generally, TOC levels in the surface sediment of most
estuaries systems in China are lower than that of South
Asia, Southeast Asia, Europe, North America and South
America [26]. The TOC of Leizhou Peninsula was higher
than that of the inner-shelf area of ECS, which is attributed
to the presence of high organic matter production since it

is in upwelling area [32], and shallowness of the system fa-

cilitated quick burial of organic matter. The present TOC of
inner-shelf area of ECS is higher than previously reported
values from the surface sediment of the same sampling
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area [0.3-0.36%; 18], and from mid and outer shelf of ECS
[0-0.4%; 33] and comparable with coastal shelf area of ECS
[0.49%; 34]. The TOC of the Leizhou Peninsula is compara-
ble with values from the surface sediment of Pearl River
estuary and surrounding SCS coastal systems [0.54%; 35].
Nevertheless, it is lower than the values from the surface
sediment of the Leizhou Peninsula [0.64%; 36], and from
Pearl River estuary and adjacent costal sediment [1.2%; 37].
Moreover, Li et al. [18] reported the concentration of TOC
that ranged from 0.01% to 1.35%, with an average of 0.41%,
near to the most coastal part of Leizhou Peninsula.

Despite the high primary production in the inner-shelf
of ECS [38] and SCS [32], the observed low concentration
of TOC in the sediment indicates that the organic mat-
ter has been subjected to a considerable level of degra-
dations. Apart from organic matter degradation, Oguri et
al. [39] speculated that the low organic matter in sediment
could be related to current wash, as they observed high
primary production was conjunct with low sediment or-
ganic matter preservation in shelf and mid-shelf area of
ECS. The mean values of TN content of ECS inner-shelf
slightly higher than the TN content reported from the shelf
area of ECS [0.1%; 40]. In the present study, the TN of
Leizhou Peninsula and inner-shelf of ECS are lower than
the average values of world shelf [0.75%; 41] and the inner-
shelf area of ECS [0.75%; 40]. Relatively higher TN content
reported from the surface sediment of Pearl River estuary
and surrounding of SCS coastal systems [35] and [0.9%;
37].

4.2 Temporal variation of TOC and TN in SCS

The concentration of TOC and TN in the coastal SCS has
been increased erratically for the last century, with a dra-
matic increase occurred after late-1980°s. The rise in TN af-
ter the middle of the 20™ century could be explained by
the increase of nitrogen inputs from maricultural waste,
agricultural fertilizer and municipal sewages. This is due
to the rapid economic development of China, expansion
of urbanization, increasing of nitrogen containing fertiliz-
ers in Pearl River estuary [42]. Furthermore, Ning et al. [42]
reported that in the northern SCS the dissolved inorganic
nitrogen (DIN) has been increasing while the phosphorus
and silica concentration has been decreasing since 1976,
as consequent of this the ratio of DIN:P and DIN:Silica
(DIN:Si) increased.

In northern SCS, the sea surface temperature in-
creased from 1976 to 2004 coinciding with changed eco-
logical proxies [42]. The ecological proxies such as chloro-
phyll a concentration, primary production, phytoplankton
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abundance and benthic biomass increased in in the north-
ern SCS [42]. These responses were likely associated with
climate change that was reflected by the change in the
sea surface and atmospheric temperatures [42]. Long-term
temperature change also reported in the Northern Hemi-
sphere [Houghton et al., 1996; Fu et al., 2006 cited in 42].
The regional rainfall and river run-off have a noticeable
impact on coastal water nutrient concertation, as the rain-
fall increases it enhance the river run-off and ultimately in-
crease nutrient loading in the coastal waters. This, in turn,
determines phytoplankton production and TOC content.
Similarly, Yu et al. [1] discussed freshwater runoff controls
the spatial and temporal variation of the §>C signature of
the estuarine particulate organic carbon in SCS. Coincid-
ing with increased TOC, there had been increased rainfall
in eastern and southern part of China from early-1990’s to
2007 [27-29]. Therefore, it is possible to inferr that the rise
of TOC content after late-1980’s most probably associated
with the increased nutrient loading from rainfall and arti-
ficial fertilizers.

Abate et al. [21] indicated that the climate shift that oc-
curred during the early 1970’s brought significant changes
in diatom production and species composition of the
Leizhou Peninsula. The diatom production increased and
it is dominated by upwelling and high productivity indi-
cator cosmopolitan species such as Thalassionema nitzs-
chioides and Paralia sulcata [21]. As diatoms are the ma-
jor primary producers of coastal water bodies, their pro-
duction directly interplays with the TOC concentration of
the system. Thus, the rise of TOC content after late-1980’s
could be attributed to the increased production of phyto-
plankton, particularly diatoms. Furthermore, phytoplank-
ton community change and enhanced primary production
have been reported in Pearl River Estuary and northern
SCS since the last three decades [43].

4.3 Temporal variation of TOC, TN, TS and TP
in ECS

The observed low TN:TP ratio values (less than 15) and
stronger correlation between TN and TOC than between
TP and TOC indicates there could be a potential nitrogen
limitation for the periods before late-1990’s. However, the
ratio of TN:TP and the concentration of TN considerably
increased after late-1990’s. The economic and human pop-
ulation explosion could be the reason for observed increas-
ing trend of TN in ECS. Since the second half of 20 century
the loading of nitrogen containing fertilizers in the inland
and marine aquacultures [44, 45], and nitrogen contain-
ing house hold products and industrial wastes has been in-
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creased. Similar to the present study low concentration of
nitrogen was reported before the 1980’s in ECS [44, 45]. The
concentration of dissolved inorganic nitrogen increased by
2-fold in Yangtze River since the 1980’s [31]. Depletion of
dissolved inorganic phosphorus (DIP) in the coastal zone
and reduction of DIN and/or Si in the farther off shore
area, particularly during summer periods have been doc-
umented in ECS [31, 46, 47].

The concentration of NO3 and NHj, increased in the
Yangtze River since the 1980’s, while the concentration of
phosphate and silicate showed no systematic trends, and
as result of this, the ratios of N:P and N:Si increased in
this basin [48]. The long-term increasing trend of N:P ra-
tio due to an increasing of DIN and decreasing of P con-
centration was reported in the northern SCS [42] as well.
Similarly, long-term record from northern Pacific gyre [49]
showed the tendency of the shift from nitrogen to phos-
phorus limitation. The rise of anthropogenic originated in-
put of nutrients pool (N and P) in coastal zones and fol-
lowing change in phytoplankton growth and bloom trend
has been reported from North Sea [50]. Thus, the long-term
TN:TP discrepancies in the present study showed mainly
related to changes in the influx of nitrogen containing fer-
tilizers [5, 44, 45], that subsequently resulted in a decadal
change in the molar ratios of limiting nutrients.

The positive and strong correlation between TOC and
TS indicates there could be a potential relation between
the two variables. The decreased ratio of TOC:TS in the
recent years could indicate the increased phytoplankton
production, probably bloom formation and consequent hy-
poxia. Similarly, for the period 1979 to 2005, Li et al. [45]
reported a significant correlation of fucoxanthin with low-
oxygen indicative foraminiferal assemblages in Yangtze
River large delta-front estuaries, implying that there had
been a linkage between diatom production and low oxy-
gen conditions. However, a dramatic increase in anthro-
pogenic emission of sulfur especially in East Asia [51] and
its ultimate loading into the sea would also play a major
role in the long-term discrepancies of total sulfur concen-
tration.

Considering the high primary productivity of inner-
shelf of ECS [13], low concentration TOC in the sediment
shows that sediment preservation of phytoplankton re-
mains is poor. Similarly, Abate et al. [20] reported low level
of diatom valve count. The possible explanation for the
low concentration of sediment preserved phytoplankton
remains would be the fact that major primary producers
are picophytoplankton which are easily removed from the
water column before their quick burial [9, 52]. As previous
study [20] showed that the decreasing and increasing pat-
tern of Chlorophyll a tightly coincided with the increasing
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or decreasing trend of both peridinin and fucoxanthin, this
pattern in turn, is influenced by the shift in regional cli-
matic condition [53], anthropogenic nutrient inputs and
TGD construction [20].

4.4 The implication of TOC:TN in the Leizhou
Peninsula and East China Sea
inner-shelf

The ratio of TOC:TN recorded in ECS and SCS were low
which indicates that there was considerable level of or-
ganic matter degradation. The Yangtze and Pearl River es-
tuaries receive a large amount of terrestrial organic matter,
however, regardless of the exported organic matter into
these systems, and the high primary production in ECS
and SCS, the previous [35, 40, 54] and the present studies
indicates very low level of TOC:TN ratio. Degradation of or-
ganic matter along the southward direction from Yangtze

River estuary of ECS has been reported by Zhu et al. [34].

However, apart from organic matter degradation, side way
transportation might have also played a significant role in
lowering the sediment organic content. In previous stud-
ies, relatively lower TOC:TN were reported from the sur-
face sediment of the Pearl River estuary and surrounding
SCS coastal systems [35]. The present value of TOC:TN in
the Leizhou Peninsula is lower than the values previously
recorded in Pearl River estuary of South China Sea [9.7-14.1;
1]. The higher TOC:TN ratio that reported from Pear River
estuary is most probably attributed to the introduction of
a large amount of terrestrial organic matter.

The ratios of TOC:TN in both ECS and SCS were higher
than the data reported from the deep sediment of Pacific
Ocean [1.3-3.9; 55] and comparable to reports from Canary
Island region of South West of Africa [5-10; 56]. There are
two main possible reasons for the low concentrations of
TOC:TN: The first reason is the presence of high bacterial
abundance; bacteria have relatively higher protein content
which results in a very low C:N ratio (3-4%). The living
bacteria have a positive correlation with sediment protein,
which implies a high abundance of sediment bacteria con-
siderably lower the TOC:TN ratio because they have a rela-
tively higher amount of nitrogen [57]. Furthermore, organic
matter of old vascular plant contains a high concentration
of bacterial colony that contribute a significant amount of
nitrogen. Therefore, the high level of bacteria may result in
to low TOC:TN ratio.

The second reason is that the low concentration of TOC
content preserved in sediment, this may result from the
significant effect of bacterial degradations. Chen et al. [58]
reported 23-72% decomposition of primary production by
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bacteria and a significant correlation between Chlorophyll
a concentration and bacterial production in ECS. More-
over, Zhang et al. [59] reported that diagenetic process par-
ticularly microbial degradation of organic matter would be
the main reason for the observed discrepancy in sediment
chemical and isotopic compositions of organic matter in
SCS. These authors found that the increasing of TOC:TN
values inside the estuary, whereas along the coastal zones
slightly lower values of §'>C and §'°N than that of average
phytoplankton values [59].

Since the TOC content in the sediment was relatively
low, the contribution of inorganic nitrogen to total nitro-
gen become significant and this results to underestima-
tion of TOC:TN. This become evident when there is ad-
sorption of ammonium on low organic containing sedi-
ments. Leithold and Blair [60] speculated significant effect
of the microbial process to lower C:N ratios of organic mat-
ter and the possible impact of a fine-grained component
of the impure sandstone to reduce organic carbon load-
ing or river suspension. Furthermore, fine grained min-
eral have higher proportions of clay minerals compared
to other course sediments, this clay minerals have a neg-
ative charge and adsorb ammonium from pore waters and
result in lower C:N [60]. On the other hand, low level of
TOC:TN can be resulted from significant contribution of in-
organic nitrogen, as in low total nitrogen and organic car-
bon containing sediments the input of inorganic nitrogen
would significantly affect TOC:TN ratio [2]. High levels of in-
organic nitrogen have the effect of lowering the C:N ratio to
a point where it decreases when either TN or TOC content
decreases and this is especially effective when TOC content
is less than 1% [2].

5 Conclusions

The present study revealed the presence of decadal change
in TOC, TOC:TN, TN and TP in both ECS and SCS inner-
shelf areas. These changes showed closer association with
the imposed anthropogenic pressures such as aquaculture
and agricultural nutrient inputs and construction of dams
on tributary rivers, and climate change. Moreover, the low
concentration of TN and TOC observed in 1998-2004 coin-
cided with the construction of Three Gorges Dam on 2003.
The decadal variation of TOC in SCS inner-shelf indicates
there had been a distinct change in organic matter produc-
tion since 1980°‘s, which in turn, coincided with the 1976°s
regime shift which was followed by increased rainfall in
most part of ECS and SCS. Similarly, The TOC values had
been erratically increased in the past half a century in ECS.
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Moreover, the increasing trend of TN in both ECS and SCS
inner-shelf coincided with the increase of nitrogen con-
taining artificial fertilizers usage in China, which in turn in-
dicates the anthropogenic loading of nitrogen could be im-
portant factors for elevated TN in the sediments. Future re-
search on the examination of seidment core from inshore,
mid-shelf and offshore sites could help to show the specific
effect of changes by human or climatic variables.
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